In this study twenty six RAPD primers and six ISSR primers were used to assess the genetic diversity among seven pecan genotypes cultivated in Egypt. Using the RAPD and ISSR analyses, 156 out of 276 and 30 out of 59 alleles, respectively, were detected as polymorphic markers among the seven pecan genotypes. The pecan genotypes were characterized by 59 genotypespecific markers i.e 45 for RAPD and 14 for ISSR that would be considered as useful markers for pecan genotypes. Eleven markers distinguished the Grazona genotype, five markers for the Cheyenne genotype and one marker for each of Desirable genotype, Mahan and Moneymaker.
INTRODUCTION
Pecan (Carya illinoinensis) is a lately decided nut crop and have important economically value for the genus Carya Nutt. (Wood, 1994) . Pecan genotypes are diploid (2n=2x=32). The trees of pecan are long-lived, large and have a juvenile period of 5-10 years. Nuts and seeds comprise enormous uses, such as snack items or added as side component to appetizing and sweet dishes. Furthermore, they have many applications in vegetarian food, because it can used as important sources of protein, unsaturated fatty acids, tocopherols and other nutrients (Gray, 2005) . Pecan has many advantages on human health as it contains antihyperglycemic and anti-hyperlipidemic effects (Abdelrahman et al., 2008; Villarreal-Lozoya et al., 2007) . Also, its fruit contains high nutritional value as it is rich in proteins, carbohydrates, fats, Calcium (Ca), Phosphorus (P), Magnisium (Mg), both of vitamins A and B (Kays, 1991) , flavonoid glycosides and aglycones, galloylated glycosides (Nahla et al., 2007 , Cuong et al., 1996 .
Its homeland location is from north central and eastern United States into southern Mexico (Grauke et al. 1995) . Pecan is the only nut which needs low chilling requirements; therefore it can be cultivated in different type of Egypt's lands (Hassanen and Gabr, 2013) . In the last years of the 20 th century pecan trees were successfully grown in scattered areas in Egypt.
Morphological and isozyme markers have been used to characterize the pecan varieties (Grauke, et al 1995; Thompson, and Grauke, 1991) . However, these marker could be affected by the environment condition and also are limited in number. Hence, different molecular marker have been used including AFLP, RAPD and SSR (Paterson, 1996) . Furthermore, study of genetic relationships between different genotypes is necessary to develop favorable strategies for breeding, improvement and employment of genetic resources (Paterson et al., 1991) . Imbalzamo and Stine (1993) used RAPD marker to identify pecan genotypes in United States. RAPD required low amount of DNA, no primer information and give a lot of markers number. RAPD have been used to characterize the pecan genotype and to assessment their genetic relatedness (Conner and Wood, 2001 ).
The aim of this study was to assess genetic diversity among seven pecan genotypes. Also, to evaluate the genetic relationships between these genotypes using RAPD and ISSR markers. Furthermore, to identify the specific markers which would be associated with some economic characteristics such as nut yield, earliness in fruit set and kernel oil content in these genotypes. DNA extraction: The genomic DNA was isolated using the method of Porebski et al. (1997) for the high polyphenol and polysaccharide plants.
MATERIALS AND METHODS

RAPD and ISSR amplification:
For RAPD analysis the PCR was carried out in a Biometra thermal cycler using primers listed in Table 2 . The PCR reaction mix includes the following: 10 ng/µL of DNA; 0.5 U of Red Hot Taq polymerase (AB-gene House, UK) and 10-X Taq polymerase buffer (AB-gene House, UK); 10 mM dNTPs; 50 mM MgCl 2 ; 10 µM each of forward and reverse primers. The PCR profile starts with 94°C for 5 min followed by 40 cycles of denaturation at 94°C for 1 min, annealing at 32 for 1 min, extension at 72°C for 2 min. A final extension 72°C for 7 min was included. The ISSR reaction was done with the same PCR condition using six primers according to Hussein, et al., (2008) and the same PCR program with different annealing temperature listed in Table 3 . 2% (w/v) Agarose gel in 1X TAE buffer was used to amplify the product. Data analysis: The bands were sized and then binary coded by 1 or 0 for their presence or absence in each genotype. The systat ver. 7 (SSPSS inc.c 1997 spss inc.3/97 standard version) computer programs were used to calculate the pairwise difference matrices (Yang and Quiros, 1993) . Cluster analysis was based on similarity matrices obtained with the unweighed pairgroup method (UPGMA) using the arithmetic average to estimate the phenogram.
RESULTS AND DISCUSSION
Molecular markers are considered one of the valuable tools for the characterization of genetic materials for plant breeding. RAPDs and ISSRs considered dominant markers. Both techniques require little information about the template DNA, do not required radioactivity, and have high polymorphism levels in many plant species. In order to study the genetic difference among seven pecan genotypes, RAPD and ISSR analyses were used. All the primers produced reproducible PCR products with a clear pattern for each cultivar and showing informative and easily scrabble RAPD and ISSR profiles.
RAPD analysis
Many application were used the RAPD analysis to assess the the relationships between related plants. This technique is quicker and easier to use. In this analysis a single arbitrary primer is used to detect nucleotide sequence polymorphisms in DNA. Oilseed rape genotypes have been identified and described by using RAPD (Ahmad et al. 2007 ). The different primers revealed different levels of polymorphism among seven pecan genotypes as illustrated in Fig (1) . Using the RAPD analysis, a total of 276 alleles were detected among the seven pecan genotypes (Table 2) . Only 156 of them were polymorphic markers (56.5 %). The highest number of bands (16 bands) was generated by using the primer OPA-01, while the lowest one was 6 bands and generated with both primers OPA-03 and OPC-02. The highest polymorphism percentages were belonging to the both markers i.e. OPB-06 and OPB-14 (100 %) while the lowest marker was OPA-01 (18.75 %). These results were in agreement with those obtained by Conner and Wood (2001) . They study the genetic relatedness between 43 cultivars using 100 RAPD markers. ISSR analysis ISSR markers use microsatellite sequences that are disseminated across the plant genome and extremely variable. Compared with RAPDs, ISSR achieving higher reproducibility and required time and money less than AFLPs. For this advantages ISSR are used in many studies, especially on genetic diversity (Shafiei-Astani et al. 2015) , DNA fingerprinting (Shen et al. 2006) . For ISSR analysis, a total of 59 alleles were detected among the seven pecan genotypes (Table 3 and Fig.2 ). Only 30 of them were polymorphic markers (50.8 %). The highest number of bands (16 bands) was generated by using the primer 844A, while the lowest one was 6 bands generated by 17898A primer. The highest polymorphism percentage belonged to HB-8 markers (90.9 %) while the lowest belonged to 17899B marker (22.2 %). 
Genotype identification
Many application for RAPD have been reported including effective use for genetic resources collection, genotype purity determination and mislabeled accessions identification (Ahmad, 1999) .
45 out of the 156 polymorphic RAPD markers were genotype-specific (28.8 %). The seven pecan genotypes were characterized by 45 (19 positive and 26 negative) unique RAPD markers (Fig. 3A) . A total of 19 random primers out of 26 revealed the presence of 45 unique markers, which represent an average of 2.36 markers per primer. The Mahan, Moneymaker, Cheyenne, Derirable, Burkett, Grazona and Wichita genotypes were characterized by 10, 10, 9, 2, 7, 5, and 2 unique RAPD markers (positive and /or negative markers), respectively. Therefore, these RAPD markers would be used as associated markers for the pecan genotype.
Moreover, all ISSR primers produced unique markers ranged from one for 17898A, 17899A and 844A to six for HB-8 as presented in Fig. 3B . 14 unique ISSR markers were generated by 6 primers with an average of 2.33 markers per primer. Grazona was characterized by 6 specific unique markers followed by Cheyenne by 5 markers. One unique marker was only obtained and characterized Desirable, Mahan and Moeymaker as using 17899B, 17899A and HB-8 primers, respectively. In ISSR, a single primer composed of the repeated motif is utilized in the amplification of DNA. The primer HB-8 that was based on the repetitive motif GA produced more amplicons (6 amplicons) than the primers based on any other repetitive motifs used in this study. This result was in agreement with those obtained by Safari et al. (2013) . From all of these observations, it would be indicated that the microsatellites content of repetitive motif (GA) n are more frequent than the repetitive motif targeted by the other ISSR primers successfully in generating reliable amplicons in pecan genotype. The genotype identification results indicated that all techniques applied in this study i.e RAPD and ISSR succeeded in showing different genotype-specific molecular markers which can be relied upon in distinguishing between studied pecan genotypes. Moreover, these genotype-specific markers can be used as molecular markers associated with economic characteristics. All techniques would be considered suitable tools for sufferable fingerprinting diagnostic markers for all studied pecan genotypes. Genetic similarity among pecan genotypes by DNA markers One of the important point for clustering and analyzing diversity is to determine the genetic variation between individuals (Kosman and Leonard, 2005) . Assessment of genetic relationships could have a great impact in plant breeding programs. This may be by using the selection of parents and reducing the number of accessions needed to ensure sampling a broad range of genetic variability (Mohammadi and Prasanna, 2005) .
The generated RAPDs were used to determine the genetic similarity among the pecan genotypes. The genetic similarity ranged from 90% between Moneymaker and Cheyenne to 75% between Desirable and Cheyenne (Table 4 ). The scoring data resulting from ISSR were analyzed as presented in Table (5) . The estimated genetic similarity among the seven pecan genotypes ranged from 62% to 94%. The highest genetic similarity was among Burkett and Moneymaker, while the lowest genetic similarity was between Grazona and Moneymaker. To obtain more balanced values for genetic similarity among genotypes and an equilibrated dendrogram representation of the relationships among these genotypes, data of RAPD and ISSR profiles were combined and summarized in Table 6 . Conner and Wood (2001) . They mentioned that the Genetic distances among some pecan genotypes varied from 0.91 to 0.46 with an average value of 0.66 among all genotypes. This was according to the Nei and Li similarity coefficient.
Cluster analysis
The scoring data resulting from each marker type assay was used to determine the genetic relationships among the pecan genotypes. The data were used to compute the similarity matrices and then the UPGMA analysis were used in cluster analysis to generate dendrogram. The relationships among genotypes have been represented as a dendrogram. In RAPD analysis, the dendrogram divided the pecan genotypes into two main clusters (Fig 4) , the first one included five genotypes, and branched into three sub-clusters; first sub-cluster included Wichita and Grazona with same linkage distance and Desirable alone, while Moneymaker represent the second sub-cluster alone. The third sub-cluster included Cheyenne genotype. The second cluster included the Burkett and Mahan genotypes with same linkage distance. Based on ISSR data, the cluster analysis divided the pecan genotypes into two main clusters (Fig 5) . 
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The first cluster included six genotype i.e Wichita, Grazona, Desirable, Cheyenne, Burkett and Mahan. The Moneymaker genotype was in the second cluster. A dendrogram was constructed based on the combined data from different types of markers, RAPD and ISSR, as shown in Fig. (6) . The dendrogram for combined data showed that Wichita, Grazona, Desirable, Cheyenne and Moneymaker genotypes were present in the main cluster, while Burkett and Mahan genotypes were located in the other main cluster. Moreover, the dendrogram of combined data was very similar to RAPD dendrogram than ISSR dendrogram. Finally, this investigation results indicated that DNA markers showed effective tools for assessing the genetic variability and the genetic relationships between different pecan genotypes. The generated markers were sufficient to differentiate between the seven pecan genotypes. The genotype-specific markers were determined and these markers would be considered as useful markers for high nut yield, earliness in fruit set and high kernel oil content production in pecan breeding programs. This help to developing a molecular genetics map that would lead to the application of markerassisted selection tools in genetic improvement of pecan.
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